Cell-free extracts of 17 strains of Bifidobacterium bifidum (Lactobacillus bifidus) were examined for the presence of aldolase, glucose-6-phosphate dehydrogenase, and fructose-6-phosphate phosphoketolase. All strains turned out to lack aldolase, an enzyme unique to glycolysis, and glucose-6-phosphate dehydrogenase, characteristic of the hexosemonophosphate pathway. In all strains, fructose-6-phosphate phosphoketolase could be demonstrated. It can be concluded that bifidobacteria ferment glucose via a pathway which is different from those found in members of the genus Lactobacillus. The results strengthen the previous suggestions that classification of the bifidobacteria in the genus Lactobacillus is not justified.
The taxonomy of the bifidobacteria, a group of gram-positive, anaerobic, asporogenous bacteria, caused great controversy for several years. For instance, on purely morphological grounds bifidobacteria have been described as belonging to the genus Actinomyces (5, 9), Corynebacterium (4) , and Butyribacterium (9) . Bifidobacteria are classified in the genus Lactobacillus in Bergey's Manual of Determinative Bacteriology on the basis of biochemical characteristics. Prevot (6) considers bifidobacteria as a subgenus of the genus Actinobacterium in the order Actinomycetales. Recently, Sebald et al. (8) and Werner and Seeliger (10) found, in addition to several morphological and biochemical differences, a difference in deoxyribonucleic acid (DNA) base composition between bifidobacteria and species of the genera Lactobacillus, Corynebacterium, and Propionibacterium. They concluded that bifidobacteria constitute a separate genus, named Bifidobacterium. In agreement with Dehnert (1), they distinguished one species, Bifidobacterium bifidum, in this genus. Chiefly on the basis of behavior towards about 20 carbohydrates, Dehnert (1) divided strains of B. bifidum into five groups, named biotypes. Reuter (7) , however, found more than five biochemical types, and proposed to distinguish eight species in the genus Bifidobacterium.
The occurrence of a specific catabolic route in a group of bacteria may be another argument to differentiate them from other groups. Our recent investigations (W. de Vries, S. J. Gerbrandy, and A. H. Stouthamer, Biochim. Biophys. Acta, in press) have shown that B. bifidum type 5 (1) ferments glucose via a pathway which is different from those found in homo-and heterofermentative lactic acid bacteria. Because of the absence of aldolase and glucose-6-phosphate dehydrogenase from cell-free extracts of this strain of B. bifidum, the glycolytic system and hexosemonophosphate shunt, pathways common to lactic acid bacteria (C. J. A. van The determination of fructose-6-phosphate phosphoketolase was based on the formation of acetylphosphate from fructose-6-phosphate. The reaction mixture contained, per 0.75 ml: histidine buffer (pH 6.0), 45 Chemicals. NAD, NADP, glucose-6-phosphate, and fructose-6-phosphate were obtained from C. F. Boehringer und Soehne GmbH, Mannheim, Germany.
RESULTS AND DISCUSSION Table 1 shows the specific activities of aldolase, glucose-6-phosphate dehydrogenase and fructose-6-phosphate phosphoketolase in cell-free extracts of various strains of Bifidobacterium. For comparison, cell-free extracts of Lactobacillus casei, a homofermentative lactic acid bacterium, and of L. fermenti, a heterofermentative lactic acid bacterium, were run in parallel.
For all strains of Bifidobacterium and for L.
fermenti the specific activity of aldolase, an enzyme unique to glycolysis, turned out to be less than 0.05. In Table 1 , values less than 0.05 are indicated as negative. The specific activity of aldolase in L. casei was 20. It can be concluded that the glycolytic system does not operate in any strain of Bifidobacterium tested.
Glucose-6-phosphate dehydrogenase, characteristic of the hexosemonophosphate pathway, was completely absent from all strains of Bifidobacterium tested. This rules out the operation of the hexosemonophosphate pathway. In L. fermenti, the specific activity of glucose-6-phosphate dehydrogenase was 35. In agreement-with the data of van den Hamer (Thesis, State University, Utrecht, The Netherlands), small amounts of glucose-6-phosphate dehydrogenase could be detected in L. casel.
In all strains of Bifidobacterium, fructose-6-phosphate phosphoketolase could be demonstrated, with specific activities ranging from 4 to 23. In cell-free extracts of L. casei, fructose-6-phosphate phosphoketolase could not be detected.
It can be concluded that all strains of Bifidobacterium tested ferment glucose via the phosphoketolase route previously found to be operating in B. bifidum type 5 (L. bifidus 128). The glycolytic system or hexosemonophosphate shunt, pathways involved in the degradation of glucose by lactic acid bacteria, could not be detected in any strain. The presence of fructose-6-phosphate phosphoketolase, and the absence of aldolase and glucose-6-phosphate dehydrogenase, seem to be distinguishing characteristics of bifidobacteria. Therefore, our experiments strengthen the conclusions of Sebald et al. (8) and Werner and Seeliger (10) that bifidobacteria form a separate group and do not belong to the genus Lactobacillus. Because of the complete agreement in the fermentation route of glucose in all strains of Bifidobacterium tested, it seems to us more justified to distinguish one species, Bifidobacterium bifidum, in the genus Bifidobacterium (8, 10) than to divide the genus Bifidobacterium into eight species as Reuter (7) does.
